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ABSTRACT 
An engineered landfill presents an opportunity for proper waste management that allows resource recovery from waste. 
However, for this to be achieved several technical parameters must be considered when designing a sanitary landfill. 
These technical parameters include proper site selection with minimal environmental and hydrological negative impacts, 
selection of a liner network that will not allow the leachate to infiltrate into the ground. Furthermore, there is need to have 
an integrated network for monitoring the movement of the waste as well as quality of the leachate. The surface drainage 
at a landfill site must also be well understood as well as daily covering measures to avoid pests and pathogens coming 
outside the designated landfill site. Although, landfills present a potential for proper municipal waste management, the 
human capital aspect is also critical and must be considered. 
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1. INTRODUCTION 
Sanitary landfills are increasingly becoming popular for waste management in developing countries. Proper 
waste management initiatives are required to ensure that the amount of waste that ends up at the landfill is 
minimized (Acosta et al., 2012). In essence the public is not allowed to enter the landfill site due to the risk 
of disease and danger from operating machinery. Thus the landfill site is supposed to be fenced to prevent 
people and animals from entering the premises. This also ensures that animals and people do not salvage the 
valuables and edibles from the landfill site. 
 
All waste generated from households can be reused or recycled to value added products like vermicompost, 
biogas and bio char and this is only achievable through proper waste separation techniques (Acosta et al., 
2012). The principle of waste separation at source is widely practised in Europe, America and other 
developed countries to ensure that valuables and usable waste is separated before being mixed with the 
useless waste. This approach reduces the risk of valuable waste stream contamination and increases the 
capacity of proper waste management. 
 
In practice, waste separation is the categorization of waste to make sure each waste generated goes to its 
classification. This includes the categorization through of waste to find what is to be recycled, what goes to 
the landfill, and what needs special care like hazardous waste. Waste separation requires the cooperation of 
everyone for it to work. Often three bins are put on a collection site; each bin is for a specific type of waste. 
One can be for organic waste, the other for non recyclables and the other for other recyclables biodegradable 
materials. The bins would have specific colours to ensure landfill sites in the right receptacle.  
 
Waste separation is the best solution to waste management problems and also the solution to increasing the 
landfill sites life plan. Waste separation requires land space for composting of the biodegradable waste and 
proper waste management can be addressed by the 3R policy. The 3R policy which focuses on reducing 
waste, reusing waste and recycling waste leads to separation of degradable and non biodegradable waste must 
be implemented in developing countries for proper waste management and a schematic of the development 
strategies is shown in Figure 1. This strategy is also achievable if we have well designed and operational 
sanitary landfills. 
 
Figure 1. Possible solid waste management routes in developing countries (Masocha, 2004) 
 
2. LANDFILL DESIGN CONSIDERATIONS 
2.1 Landfill site selection 
The landfill site selection is a process which follows a detailed site assessment and investigation process. 
Finally the landfill site design will be done dependent on the conclusion of the site analysis as well as the 
environmental impact assessment (EIA) process. One of the most important reasons for the landfill site 
selection is to provide a cost effective and environmentally friendly landfill site (Bredeuhann, 2005). The 
best site must be recognized during the site selection process after through considerations of the 
environmental and geo hydrological impacts. The landfill site selection parameters may include the liner plan 
and leachate management plan and the surface drainage network, landfill covering and re-habitation design 
as well as the permanent storm water distraction and anti erosion strategies.  
 
2.2 Landfill liner design 
A landfill liner design network is a network consisting of a 300 mm leachate collection layer, coverings of 
compressed soil of little porosity that avoid leachate from percolating into the earth as well as a geo synthetic 
clay liner via which the landfill leachate trickles throughout and a 150 mm bottom preparation layer. A 
partition liner must also be put between the active waste and the new addition comprising of a 300 mm 
leachate collection level, a geo synthetic clay liner and a 200 mm grounding layer. 
 
2.3 Sub surface and surface drainage network 
A sub surface drainage set-up consisting of 110 mm diameter high density polyethylene (HDPE) is required. 
The surface drainage network must contain of chutes, earth berms and toe traps to avoid surface water on top 
of the landfill from pooling of water. Professional operation of a landfill site also requires a monitoring 
network for surface and ground water, which will reduce possible pollution of groundwater. Therefore water 
sampling points and monitoring boreholes must be installed. It is recommended to establish one borehole at 
the top of the landfill which is the highest point and another borehole should be installed at the bottom of the 
future landfill site for proper leachate management and control. 
 
2.3.1 Surface drainage plan 
A surface drainage plan is essential for proper surface drainage at the landfill. The surface water on top of the 
landfill must be sidetracked down by a system of earth berms, chutes and channels whereby these are aligned 
in such a way that intensifies flow of water.  
 
2.3.2 Sub surface drainage plan 
A sub surface drainage plan is necessary to make sure that there is no sub surface leachate build up. The 
leachate must drift to leachate collector pipes that lead to a series of leachate drainage network which direct 
to an existing sewer network. Based on the basic landfill design calculations, 110 mm diameter perforated 
HDPE pipes at 25 mm centres are suggested for sub surface drainage (Bredeuhann, 2005).  
 
2.4 Leachate collection network 
For a proper leachate collection network, a series of leachate collector pipes at 25m centres that drain into 
200 mm diameter perforated HDPE pipes then link to the existing leachate collection network must be made 
accessible. A leachate management network is required and a leachate detecting network must be 
implemented to make sure that leachate is detected as soon as it appears.  
 
2.5 Landfill security and administration 
The landfill site will be fenced, a gate and gate house will be installed, and this will avoid unauthorised 
access to the site. The fencing must be approximately 2m high. The gate will be locked after working hours. 
During evenings and at night security will be present. Administrative facilities must be implemented. 
Therefore, an office block which includes changing rooms for the staff working at the landfill site, toilets and 
showers as well as one office for doing all the administrative work in which is required at a waste landfill site 
must be build. 
 
2.6 Landfill layout plan and development plan 
The new landfill site facility can be developed in phases, whereby each phase comprises of one cell 
(Bredeuhann, 2005). Within the first phase of the waste landfill site development, phase one will be 
established. An access to the landfill site must only be through the security gate, since the entire facility will 
be fenced. A service road inside the premises surround the area and 3m wide fire break will surround the 
entire landfill site area. The landfill layout and development plan will include the infrastructure to be built, 
landfill site access and drainage network, landfill cover excavation, screening berms to be used and screening 
vegetation, landfill cell building sequence as well as waste deposition stages. 
 
2.7 Monitoring network design and control  
At least four boreholes must be constructed around the landfill for use in monitoring the leachate. The four 
boreholes must be located in the proximity of the landfill site. The boreholes will be evenly spread around the 
landfill site. 
 
2.7.1 Leachate monitoring and treatment 
One of the major challenges associated with the design, operation and long term care of landfills is 
management of the leachate that is produced when water passes through the compressed waste. The leachate 
generated from the solid waste is a combination of organic, inorganic material as well as dissolved solids. 
These products present a probable pollution dilemma for surface and groundwater. The leachate production 
rates are primarily reliant the sum of the liquid waste originally contained in the waste as well as the rainfall 
that enters the landfill.  
 
A lined landfill has a longer life span of more than 25 years and not degradable and this also minimises 
leachate release. However sometimes sharp objects can perforate the liner, hence the landfill site may release 
leachate into underground water network. Another issue maybe tree roots growing in the area and disturbing 
the liner layout leading to gaps through which the leachate may escape. Natural disasters such as tsunamis or 
earth quakes may result in the liner network failing. All these impacts which result in leachate release have 
polluting risks and the drifting of leachate can be identified in the boreholes and corrective measures can be 
taken. Quarterly drawn samples of the borehole water can be taken to determine any liner leakage. 
 
2.7.2 Leachate treatment and landfill site network  
The landfill leachate is removed from the drainage and collection network when the leachate levels in the 
landfill meddle with landfill functions or when the leachate must be sent for monitoring (Bredeuhann, 2005). 
The leachate monitoring network must comprise of a combination of storage, treatment and landfill site 
options considered and constructed in conformity with the environmental legislative needs.  
 
2.7.3 Principles for onsite leachate treatment 
All onsite treatment networks must be taken as part of the landfill site. The onsite handling network must be 
planned in agreement with the properties of the leachate. The plan may include modifications to the network 
essential to contain changing leachate properties. The onsite treatment network must be planned to operate 
for the whole landfill design period. The landfill's component functions, tanks and ponds must be planned 
and constructed with liners to minimize seepage to groundwater and must be inspected earlier before use for 
cracks. In addition, if leachate is stored in them for more than two months, the tanks and ponds must be 
subjected to groundwater monitoring.  
 
2.7.4 Principles for leachate storage network  
The leachate storage system must store a minimum five days worth of build up leachate (Cointreau, 1996). 
All leachate storage tanks must be outfitted with secondary containment network which is the same to the 
protection provided by a clay liner having porosity of at most 10-7 cm/s. The leachate storage network must 
be made from material that is compatible with the leachate being generated and unaffected to temperature 
changes.  
 
2.7.5 Principles for offsite leachate discharge 
The landfill leachate can be discharged at an offsite treatment works if it meets the set requirements for 
disposal. At most 50% of the standard daily influent flow must contribute to the leachate from the waste. If 
the leachate is properly treated, it can be allowed to flow into the sewerage network and in instances where 
the leachate is not directly discharged into a sewerage network, the landfill site must provide storage facilities 
sufficient to transfer all leachate to an offsite treatment works.  
 
2.7.6 Landfill leachate quality monitoring 
A number of samples of the leachate must be collected from all points and tested once per yearly quarter in 
order to quantify the characteristics of the groundwater and also monitor possible ground water 
contamination (Hasan, 1996). The regularity of testing can be changed to once per year if no contaminants 
are detected in the leachate for four continuous quarters.  
 
2.8. Technical design considerations 
The solutions represented within the technical designs are based on the assumptions and calculations of the 
conceptual design. Solutions regarding possible pollutions are provided by implementing the right and 
required environmental protection network. 
 
2.8.1 Surface hydrology and drainage 
The principle behind the drainage network is to separate unpolluted water and polluted water. Therefore upslope 
cut off drains will be constructed which divert the fresh storm water around the waste landfill site into the 
ordinary drainage network (Cointreau, 1996). Water that has been in contact with waste is, theoretically, 
contaminated and should be collected via toe drains into a pond. Contaminated water will evaporate from the 
pond. In times of high rainfall the pond could overflow, and in this case the potentially polluted water would be 
sufficiently diluted to be acceptable in the environment. Since the site classification which is a general landfill, 
the landfill site is unlikely to produce significant leachate.  
 
2.8.2 Leachate detecting network 
Building a general landfill site requires the construction of a leachate detection network to intercept any 
possibly generated leachate, which passes the upper liner (Shah, 2000). This would be directed to a pond, 
from where its quantity and quality will be monitored and removed. Therefore so called finger and toe drains 
are established which will be used for the detection of unexpected leachate.  
 
2.8.3 Landfill lining 
Landfill liming is essential to minimise ground water and surface water contamination. The amount of 
leachate formed is affected by the moisture content (Cointreau, 1996). Therefore a key step in limiting the 
amount of leachate is to minimise the amount of external water that goes into the landfill and also any 
leachate that is produced must be collected for later treatment. To minimise all these effects, the bottom of 
the landfill must act as a liner with some minimum thickness and a low hydraulic conductivity (Yelda, 2005). 
The liner design must have a leachate collection layer consisting of an average of 300 mm thick layer of sand 
soil with a fixed 200 mm diameter HDPE pipe for collecting the leachate produced (Figure 2). Layers of 
packed in soil of low porosity must be put to avoid leachate from percolating into the soil. A geo membrane 
clay liner should seep through a 150 mm leakage detection and collection layer of leachate that might have 
seeped through the former layers. 
 
 
Figure 2. A representative of a liner design for a landfill (Cointreau, 1996) 
 
2.8.4 Landfill covering and covering 
The covering of a landfill is planned for mostly sorting out the waste from the external environment 
(Cointreau, 1996). Landfill site covering also confines and controls the quantity of rain that enters the waste. 
The landfill cover network must comprise of a 150 mm foundation and gas drainage layer, a geo clay liner, 
200 mm of compacted soil and 200 mm top soil. Figure 3 shows a representative of a final cover layer with 
the following characteristics: a 200 mm thick top soil layer for keeping vegetable to prevent wind and soil 
erosion. A 200 mm thick layer of compressed soil of low porosity to minimize the amount of precipitation 
that enters the waste during the rainy season. A geo clay liner is also added to maximize runoff of 
precipitation while minimizing infiltration and preventing ponding of water as well as a 150 mm thick 
foundation and a landfill gas drainage cover.  
 
Figure 3. A representation of a cover layer for a landfill (Cointreau, 1996) 
 
2.8.5 Groundwater monitoring 
For proper groundwater monitoring at the landfill site, boreholes must be dug around the landfill site to 
monitor any groundwater contamination. In light of this, it is conditional that the groundwater exhibits a 
gradient roughly parallel to the regional topography.  
 
2.8.6 Erosion control design 
There are two types of erosion that can occur at the landfill site which must be avoided, these are activities 
through wind and water (Cointreau, 1996). In order to provide a protection of water the outer slope of the 
waste landfill site must be provided with storm water channels to evade a possible contamination of storm 
water with the waste. Therefore the water will be navigated around the landfill site. The surface linking the 
drains must be planted with indigenous vegetation to avoid further erosion via wind. Around the entire 
perimeter fence, a 5m width should be cleared of vegetation. This is necessary to provide a firebreak. The 
land operation should strictly adhere to network of daily covering of the waste.  
 
2.8.7 Methane collection network 
There is potential methane generation from the landfill site due to the various processes take place within the 
covered waste resulting in generation of various end products like methane and carbon dioxide 
(Environmental Agency, 2004). Anaerobic bacteria in the landfill break down the organic waste in the 
absence of oxygen because the landfill is airtight. A of this anaerobic breakdown is biogas which contains 
approximately 70% methane and 25% carbon dioxide with trace amounts of nitrogen, oxygen and hydrogen 
sulphide (Pohland and Kim, 1999). The biogas composition varies from landfill site to landfill site and is 
dependent on the waste types. The biogas can be removed via a collection network indicated in Figure 4 and 
to attain this, a chain of pipes are fixed within the landfill to harness the biogas.  
 
 
Figure 4. A collection pipe helps to capture the biogas from a landfill (Yelda, 2005) 
 
3. CONCLUSION 
The adoption of engineered landfills is critical in developing countries for sustainable waste management. 
Sustainable design parameters for the landfills must always be observed for optimal landfill operation as well 
as resource recovery. The human capital is very critical in monitoring and operation of the sanitary landfills 
hence must always have the basic technical background on the design consideration. 
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